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Abstract
It is shown that among the four classes of the static spherically symmetric solution of the
vacuum Brans-Dicke theory of gravity only two are really independent. Further by matching
exterior and interior (due to physically reasonable spherically symmetric matter source) scalar
fields it is found that only Brans class I solution with certain restriction on solution parameters
may represent exterior metric for a nonsingular massive object. The physical viability of the black
hole nature of the solution is investigated. It is concluded that no physical black hole solution
different from the Schwarzschild black hole is available in the Brans-Dicke theory.
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1 Introduction
Although general relativity (GR) is one of the most beautiful physical theory and is supported by
observational evidences, the sustained inability of reconciling GR with quantum mechanics and recent
cosmological observations indicate that Einstein’s theory needs modification. The Brans-Dicke (BD)
theory [1], which describes gravitation through a spacetime metric (gµν) and a massless scalar field
(ϕ), is a modification of the GR. The theory has recently received interest as it arises naturally as
the low energy limit of many theories of quantum gravity such as the supersymmetric string theory or
the Kaluza-Klein theory and is also found consistent with present cosmological observations [2]. The
theory contains an adjustable parameter ω that represents the strength of coupling between scalar field
and the matter. For certain values of ω, the BD theory agrees with GR in post-Newtonian limit up
to any desired accuracy and hence weak-field observations cannot rule out the BD theory in favor of
general relativity. It is thus imperative to study strong-field cases in which these two theories could
give different predictions.
Due to highly non-linear character of all viable gravitational theories, a desirable pre-requisite for
studying strong field situation is to have knowledge of exact explicit solution(s) of the field equations.
By Birkhoff’s theorem, the static spherically symmetric vacuum solution of Einstein’s theory is unique,
the Schwarzschild metric. On the other hand Birkhoff’s theorem does not hold in the presence of a
scalar field, hence several static solutions of the BD theory seems possible even in spherically symmetric
vacuum situations. Four forms of static spherically symmetric vacuum solution of the BD theory are
available in the literature which are constructed by Brans himself [3]. However, it has been shown in
[4] that Brans class III and class IV solutions are not different; under a mere redefinition of the radial
variable one of them maps to another.
Among the all Brans solutions, class I solution is the most studied one as it is the only one which is
permitted for all values of ω. The solution in general gives rise to naked singularity [5] though for some
particular choices of the solution parameters it represents a black hole different from Schwarzschild
one [6]. The other two classes (II and IV) of Brans solution are valid only for ω < −3/2 [3] which
implies non-positive contribution of matter to effective gravitational constant and thus a violation of
the weak energy condition. However, this energy condition is gradually loosing its status as a kind
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of law as in many physical situation it could be violated [7-12]. For instance, classical systems built
from scalar field non-minimally coupled to gravity violate all the energy conditions [7]. In quantum
systems these violations are even more profound. Casimir effect does suggest existence of negative
energy density. So is the squeezed states of light [10]. Similarly negative energy density fields also
occur in the context of Hawking evaporation of black holes [11], radiation from moving mirrors [12] and
in several other situations [10]. The experimental observation of first two effects (Casimir and squeezed
states of light) suggests that the idea of negative energy density have to be taken seriously. Besides
Solar system observations do not impose any restriction on the sign of ω [13]. Oppenheimer-Snyder
(gravitational) collapse in BD theory also has not conclusively ruled out negative ω [14]. Hence class II
and IV solutions can not be regarded as unphysical just for being negative ω solutions. These solutions
or their Einstein frame variants [15, 4] have been used in literatures in different contexts such as in
connection with the wormhole physics [16,17] or to generate solutions of the string theory (in string
frame) [18]. In some aspects Class IV solution, which gives rise to what is called as cold black hole [19,
20], even exhibits better behavior than class I solution. For example the tidal forces do not diverge on
the horizon for this spacetime unlike the class I metric [20].
All Brans solutions, however, may not be physically relevant. There are several known exact perfect
fluid interior solutions in general relativity [21]. Most of them are physically not acceptable because
either the solutions have not a well defined boundary or they do not match with the Schwarzschild
exterior solution at the boundary surface or perfect fluid satisfies unrealistic equations of state or due
to some other valid reasons. The same could happen for the vacuum BD solutions also. In the present
article we would like to examine the physical viability of the Brans solutions. The paper is organized as
follows. After giving a short account of the BD theory and its static spherically symmetric solutions,
it has been shown in section 2 that Brans class I and class II solutions are essentially not different.
Physical viability of Brans solutions has been examined in section 3. The broad nature of the class I
solution has been discussed in section 4 and the physical relevance of the Brans class I black hole has
been investigated in the section 5. Finally the results are summarized in section 6.
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2 Static spherically symmetric vacuum solutions of the BD
theory
In the BD theory the scalar field acts as the source of the (local) gravitational coupling with G ∼ ϕ−1
and consequently the gravitational ‘constant ’ is not in fact a constant but is determined by the total
matter in the universe through an auxiliary scalar field equation. The scalar field couples to both
matter and spacetime geometry and as mentioned before the strength of the coupling is represented by
the dimensionless constant ω. The theory is found consistent with the (local) observations only when
ω is very large. A lower limit |ω| > 5 × 104 is obtained from the recent conjunction experiment with
Cassini spacecraft [22]. This suggests even if scalar field exists, predictions of the BD theory are not
much different from GR, particularly in the weak-field regime, because under the limit |ω| → ∞, the
BD theory (and its dynamic generalization) reduces to GR [23] unless the matter field is traceless [24].
In the Jordan conformal frame, the BD action takes the form (we use geometrized units such that
G = c = 1 and we follow the signature -,+,+,+)
A = 1
16pi
∫
d4x
√−g
(
ϕR +
ω
ϕ
gµνϕ,µϕ,ν + Lmatter
)
(1)
where Lmatter is the Lagrangian density of ordinary matter. Variation of (1) with respect to gµν and
ϕ gives, respectively, the field equations
Rµν − 1
2
gµνR = −8pi
ϕ
Tµν − ω
ϕ2
(
ϕ,µϕ,ν − 1
2
gµνϕ
,σϕ,σ
)
− 1
ϕ
(∇µ∇νϕ− gµν✷ϕ) , (2)
✷ϕ =
8piT
(2ω + 3)
(3)
where R is the Ricci scalar, and T=T µµ is the trace of the matter energy momentum tensor.
As stated earlier, Brans provided four classes of static spherically symmetric solutions of the above
theory when Tµν = 0. The Brans class I solution (in isotropic coordinates) is given by
ds2 = −eαo
(
1−B/ρ
1 +B/ρ
) 2
λ
dt2 + eβo
(
1 +
B
ρ
)4(
1− B/ρ
1 + B/ρ
) 2(λ−C−1)
λ (
dρ2 + ρ2dθ2 + ρ2sin2θdφ2
)
(4)
4
ϕ = ϕ0
(
1−B/ρ
1 +B/ρ
)C
λ
(5)
with the constraint condition
λ2 = (C + 1)2 − C(1− ωC
2
) (6)
where αo, βo, B, C are arbitrary constants.
The class II solution is given by
ds2 = −eαo+ 4Λ tan−1(ρ
′
/B
′
)dt2 + eζo−
4(C+1)
Λ tan
−1(ρ
′
/B
′
)−2ln[ρ
′2/(ρ
′2+B
′2)]
(
dρ
′2 + ρ
′2dθ2 + ρ
′2sin2θdϕ2
)
(7)
ϕ = ϕ0e
2C/Λtan−1(ρ
′
/B
′
) (8)
with the solution parameters are related by
Λ2 = C(1− ωC
2
)− (C + 1)2 (9)
Here arbitrary constants are denoted as αo, ζo, B
′
, C.
Class III solution can be written as
ds2 = −eαo−2ρ/Bdt2 + eβo−4ln(ρ/B+2(C+1)ρ/B (dρ2 + ρ2dθ2 + ρ2sin2θdφ2) (10)
ϕ = ϕ0e
Cρ/B (11)
with the condition
C =
−1±√−2ω − 3
ω + 2
(12)
and finally class IV solution is
ds2 = −eαo−2/(Bρ)dt2 + eβo+2(C+1)/(Bρ) (dρ2 + ρ2dθ2 + ρ2sin2θdφ2) (13)
ϕ = ϕ0e
C/(Bρ) (14)
with
C =
−1±√−2ω − 3
ω + 2
(15)
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The class I and class II solutions are, however, not different. To show this we define a new radial
variable ρ = 1/ρ
′
. Utilizing the identity tan−1(x) = i2 ln
(
1−ix
1+ix
)
, the Eqs.(7) and (8) can be recast as
ds2 = −eαo
(
1− iB′′/ρ
1 + iB′′/ρ
) 2i
Λ
dt2 + eβo
(
1 +
B
′′2
ρ2
)2(
1− iB′′/ρ
1 + iB′′/ρ
)−2i(C+1)
Λ (
dρ2 + ρ2dθ2 + ρ2sin2θdφ2
)
(16)
ϕ = ϕ0
(
1− iB′′/ρ
1 +B′′/ρ
) iC
Λ
(17)
where B
′′
= 1/B
′
, and βo = ζo− 4lnB′′ . The above two equations would reduce to Eqs. (4) and (5) if
we denote λ = −iΛ and B = iB′′ . The relation (9) will also map to relation (6) under such redefinition
of constants. Therefore, class I and class II solutions are equivalent; choice of imaginary B and λ in
class I solution leads to the class II solution. A point to be noted is that for imaginary B and λ the
class I solution becomes regular at all points including the point r = B and consequently the class II
solution does not possess any horizon.
As mentioned before Brans class III and class IV solutions are also not different [4]; under a mere
redefinition of the radial variable (ρ ≡ 1/ρ) one of them maps to another. Hence only two classes of
solutions, class I and class IV, are found independent. These two classes can be expressed by a single
form. For this purpose let us consider the transformation
e−σ/r =
1−B/ρ
1 +B/ρ
(18)
(σ 6= 0) under which the Eqs.(4) and (5) are reduced to the form
ds2 = −eαo−α/rdt2+eζo+α(C+1)/r
(
σ/r
sinh(σ/r)
)4
dr2+eζo+α(C+1)/r
(
σ/r
sinh(σ/r)
)2
r2
(
dθ2 + sin2θdφ2
)
(19)
and
ϕ = ϕ0e
−αC2r (20)
6
ζo = βo + ln(B
4/σ2). The relation among the parameters is given by
4
σ2
α2
= (C + 1)2 − C(1− ωC
2
) (21)
The Eqs. (19)-(21) are the general form of all Brans’ solutions. As is evident from the above σ 6= 0
leads to class I solution where use of some imaginary parameters results the class II solution. The
choice σ = 0 gives the Brans’ class IV solution and a further redefinition of the radial variable r¯ = 1/r
will immediately give the class III solution. The line element (19) is conformal to the Wyman solution
[25] of the Einstein minimally coupled scalar field theory.
3 Physical viability of Brans solutions
In general relativity the metric tensor is the only gravitational field variable. Hence, it is sufficient and
necessary to match the interior and exterior solutions for metric tensor only. In contrast BD theory
has additional scalar field which contributed to the gravitational field as well. Therefore, in this theory
not only matching for metric tensor is necessary but also for the additional scalar field.
It follows from Eq. (3) that to the leading order in 1/r the interior (in presence of matter) scalar field
satisfies the equation
∇2 2ϕ= − 8pi
2ω + 3
o
T (22)
where we have expanded scalar field as ϕ = ϕo+
2
ϕ +
4
ϕ +...,
N
ϕ denotes the term in ϕ of order 1
rN/2
(here we have followed the notation of [23]) and
o
T denotes the term in T σσ of order
1
r3 (
o
T
oo
is the
density of rest mass) [23]. Therefore to the leading order in 1/r (r being the radial variable) the scalar
field at near the surface of the matter distribution has the following expression
ϕ = ϕo −
(
2
2ω + 3
)
φ (23)
where φ is the Newtonian potential defined through ∇2φ = 4pi oT . At the surface and outside the source
φ = −M/r where M is the total mass of the source as viewed by a distant observer. Utilizing the
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relation G = 2ω+42ω+3
1
ϕo
(which can be obtained from the relation
2
goo= −2φ) where G is the gravitational
constant that would be measured in a real experiment, we finally get the expression for scalar field
to the leading order in 1/r near the surface of the matter distribution (we still continue of using
geometrized units)
ϕ = ϕo
(
1 +
1
ω + 2
M
r
)
(24)
A physically viable external solution for scalar field must match smoothly with the above expression
at the surface.
When matching to two different solutions on a common surface it is essential to choose an appropriate
coordinate system. The expression (24) is written in standard coordinates (t, r, θ and φ). Hence the
expression for scalar field in Brans class I or class IV solution needs to transform first in the standard
coordinates for effective comparison. However, at the first order the standard and isotropic coordinates
produce identical effects. Hence comparing the expression for scalar field of Brans class I solution with
Eq. (24) and using the relation
2
goo= −2φ, we get
C = − 1
ω + 2
; 2B/λ = M (25)
The relation (6) gives λ =
√
2ω+3
2ω+4 . Therefore, Brans class I solution may represent external grav-
itational field due to a reasonable matter field only when the solution parameters are given by Eq.
(25). On the other hand scalar field of class IV solution can not be matched with interior solution
at the surface as its 1st order term goes as ω−1/2 for large ω whereas boundary condition requires
that it must be proportional to ω−1. Thus regularity conditions at the boundary suggest that class IV
solution cannot be acted as an exterior metric for a nonsingular spherical massive object.
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4 Generic nature of Brans class I solution
In dealing with scalar-tensor theories in general and BD theory in particular, one envisages two types
of frames, viz., the Jordan and Einstein frames which are connected via the conformal relation [26]
g˜µν = ϕgµν (26)
and a redefinition of the scalar field
dϕ˜ =
[
2ω + 3
2λ
] 1
2 dϕ
ϕ
(27)
where λ is a constant and g˜µν and ϕ˜ are the Einstein frame variables. Though experimentally observed
quantities are those that are written in the Jordan frame [27] sometimes it is mathematically more
preferable to use the Einstein representation as the spin-2 and spin-0 fields are decoupled in the later
frame from each other and the behavior of the fields are more readily manageable. In this conformal
frame the field equations are given by
R˜µν − 1
2
g˜µνR˜ = −λTµν , ϕ˜;σ;σ = 0, (28)
and
Tµν = ϕ˜,µϕ˜,ν − 1
2
g˜µνϕ˜
,σϕ˜,σ, (29)
where R˜ is the Ricci scalar, Tµν is the energy momentum tensor due to the massless scalar field ϕ˜.
With the assumption of asymptotic flatness and taking scalar field to be time independent (ϕ˙ = 0),
Wyman, by directly solving the field equations in a straightforward way, has shown [25] that the most
general static spherically symmetric metric that satisfies the above field equations is given by
ds2 = −eα/rdt2 + e−α/r
(
σ/r
sinh(σ/r)
)4
dr2 + e−α/r
(
σ/r
sinh(σ/r)
)2
r2
(
dθ2 + sin2θdφ2
)
. (30)
Later Roberts has shown [28] that the assumption of asymptotic flatness is not even required for ob-
taining the above general solution. Note that the well known static spherically symmetric solution of
the Einstein minimally coupled scalar field theory, the Buchdahl solution [29], which is also variously
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referred [15] to as Janis-Newman-Winicour solution [5], is contained in the Wyman solution as a special
case.
As mentioned already, the Wyman solution is conformal to the general form of Brans’ solutions
(Eqs.(19) to (21)). Since the mapping between the two conformal frames, the Jordan and Einstein, is
one-to-one, Eqs. (19) -(21) thus should be the general static spherically symmetric solution of the BD
theory in the Jordan frame. Here it should be noted that though look very similar, the characteris-
tics of the solutions in the Einstein frame representation are quite different from those in the Jordan
frame. For instance, the Buchdahl solution, which is conformal to the Brans class I solution, always
satisfies weak energy condition and exhibits strong globally naked singularity for any choice of the
solution parameters unlike the Brans class I solution. As it is already shown that among the Brans
solutions only class I solution with parameters constrained by the Eq.(25) represents exterior metric
for a nonsingular spherical massive object, hence though the class I metric is not the unique solution of
the BD theory but it is the most general physically acceptable static spherically symmetric solution of
the theory. In the limit ω tends to ∞ this solution reduces to the Schwarzschild metric with constant
scalar field. Recently He and Kim [30] have claimed for two new static vacuum solutions of the BD
theory. But as already shown in [31, 32], these two classes of solutions are essentially limiting cases of
the Brans class I solution.
5 Physical relevance of Brans class I black hole
In general, class I solution exhibits naked singularity; all curvature invariants diverge at the horizon
ρ = B. But for this reason one cannot rule out the solution as whether a naked singularity occurs
generically in a physical realistic collapse is still a subject of considerable debate [33]. However, as
demonstrated by Campanelli and Lousto [6], class I solution also exhibits black hole nature when
solution parameters obey certain constraint conditions as mentioned below. Under such restrictions
the Hawking temperature for the metric becomes zero and hence the solution is recognized as cold
black hole following the terminology of Bronnikov et al [19]. It was further shown in [6] that some
strong gravitational fields effects such as scattering of photons, X-ray luminosity of accretion disks, or
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Hawking radiation could distinguish the BD black holes from the Schwarzschild one.
Campanelli and Lousto use the following form of the solution
ds2 = −
(
1− B
r
)m+1
dt2 −
(
1− B
r
)n−1
dr2 − r2
(
1− B
r
)n (
dθ2 + sin2θdφ2
)
(31)
and
ϕ = ϕ0
(
1− B
r
)−(m+n)/2
(32)
where m,n are arbitrary constants. The coupling constant is related with the parameters as is given
by
ω = −2m
2 + n2 + nm+m− n
(m+ n)2
(33)
The equations (31) to (33) transform to the original form of the solution as given by equations (4) to
(6) under the radial transformation
r = ρ
(
1 +
B
ρ
)2
(34)
and with the identification m = 1/λ− 1, n = 1− C+1λ . Campanelli and Lousto found that for n ≤ −1,
class I solution admits black hole space time. This can be understood by studying the curvature
invariants of the metric. The Ricci scalar for the class I metric (4) is given by
R =
4ωB2C2
λ2ρ4(1 +B/ρ)8
(
1−B/ρ
1 +B/ρ
)−2(2λ−C−1)
λ
(35)
The expression for the Kretschmann scalar is quite messy. To the leading order of 1/r it has the
expression
RαβγδR
αβγδ ≈ 96B
2(2 + 2C + C2)
λ2ρ6(1 +B/ρ)16
(
1−B/ρ
1 +B/ρ
)−4(2λ−C−1)
λ
(36)
and the Weyl scalar is given by
CαβγδC
αβγδ =
16B2
[
2B(4 + 4C + C2 + 2λ2)r − 3λ(C + 2)(B2 + r2)]2
3λ4ρ10(1 +B/ρ)16
(
1−B/ρ
1 +B/ρ
)−4(2λ−C−1)
λ
(37)
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It can be seen easily that as r → B all curvature invariants diverge and the solution exhibits naked
singularity. However, when
C + 1 ≥ 2λ (38)
curvature invariants become non-singular. If further (C + 2 − λ)/λ > 0 then the surface ρ = B will
be an outgoing null surface and hence it will act as event horizon and the solution exhibits black hole
nature [6]. Note that the condition (38) implies ω to be negative and thus a violation of the weak
energy condition. Now if we impose the restriction (25) which is needed for class I solution to be
physically acceptable, the inequality (38) for real C and λ demands −2 < ω < −(2 + 1√
3
). Such small
values of ω is already ruled out by observations.
6 Discussion
A viable theory of gravity could have several exact explicit solutions. Though many of those solutions
may be useful for understanding the inherent non-linear character of gravitational theories, only phys-
ically acceptable solutions are of astrophysical interest. In this work we examine different classes of
the static spherically symmetric solution of vacuum BD theory for their physical relevance.
It has been found that among the four different forms of the static spherically symmetric solution of
the vacuum BD theory of gravity only two classes, Brans class I and class IV solutions, are really inde-
pendent; the remaining solutions are their variant. Moreover, by matching the expressions for scalar
field of the independent Brans solutions with the interior solution for the scalar field due to physically
reasonable matter source, it is found that only Brans Class I solution may represent external gravita-
tional field for nonsingular spherically symmetric matter source when the parameters of the solution
have a specific dependence on coupling constant ω as given by Eq. (25). The class IV solution, though
also admits all the standard weak field tests (up to the first post-Newtonian order) of gravitation, does
not act as an exterior metric for any reasonable gravitating object.
Hawking theorem [34] states that the static spherically symmetric black hole solution of the BD theory
is the Schwarzschild black hole. The proof relies on the assumption that the weak energy condition
holds. Campanelli and Lousto demonstrated that the BD theory admits black holes different from the
Schwarzschild one when the weak energy condition is not respected. As it is well known now that in
12
many physical situation the weak energy condition could be violated, the existence of BD black holes
in nature is an interesting possibility. The present investigation, however, suggests that such black
holes are physically not viable; they are incompatible with the observationally imposed constraints on
the solution parameters.
Acknowledgments Authors thank an anonymous referee for useful comments and suggestions.
References
[1] C. H. Brans and R. H. Dicke, Phys. Rev. 124, 925 (1961).
[2] D. La and P. J. Steinhardt, Phys.Rev.Lett.62,376(1989); P. J. Steinhardt and F. S. Accetta,
Phys. Rev. Lett. 64, 2740 (1990); O. Bertholami and P.J. martins, Phys.Rev. D61,064007
(2000); N. Banerjee and D. Pavon Phys.Rev. D63,043504 (2001); S. Sen and A. A. Sen,
Phys.Rev.D63,107501(2001); Li-e Qiang, Y. Ma, M. Han and D. Yu, Phys.Rev. D 71 061501
(2005)
[3] C. H. Brans , Phys. Rev. 125,2194 (1962).
[4] A. Bhadra and K. K. Nandi, Mod. Phys. Letts. 16 2079 (2001).
[5] A. I. Janis, E. T. Newman and J. Winnicour, Phys. Rev. Lett., 20, 878(1968).
[6] M. Campanelli and C. O. Lousto, Int. J. Mod. Phys. D, 2, 451 (1993).
[7] C. Barcelo´ and M. Visser, Class. Quantum Grav., 17, 3843 (2000).
[8] B. McInnes, J. High Energy Phys., 12, 053 (2002);
[9] G. Klinkhammer, Phys.Rev. D, 43, 2542 (1991); L. Ford and T. Roman, Phys.Rev. D, 46, 1328
(1992); 48, 776 (1993).
[10] L. A. Wu, H. J. Kimble, J. L. Hall and H. Wu, Phys.Rev. Letts., 57, 2520 (1986).
13
[11] S. W. Hawking, Commun. Math., 43, 199 (1975).
[12] S. A. Fulling and P. C. W. Davies, Proc. R. Soc. London, A 348, 393 (1976); P. C. W. Davies
and S. A. Fulling, ibid, 356, 237 (1977)
[13] C. M. Will, Theory and Experiment in Gravitational Physics (Cambridge University Press, 1993);
S.G. Turyshev, J.G. Williams, K. Nordtvedt, M. Shao and T. W. Murphy, gr-qc/0311039
[14] M. A Scheel, S. L. Shapiro and S. A. Teukolsky, Phys. Rev. D 51 4236 (1995)
[15] A. Bhadra and K. K. Nandi, Int. J. Mod. Phys. A 16 4543 (2001).
[16] A. G. Agnese and M. La Camera, Phys.Rev.D, 51, 2011 (1995); K. K. Nandi, A. Islam, and J.
Evans, Phys.Rev. D, 55, 2497(1997); L. A. Anchordoqui, A. G. Grunfeld, D. F. Torres, Grav.
Cosmol., 4, 287 (1998)
[17] F. He and S-W. Kim, Phys.Rev.D, 65, 084022 (2002)
[18] K. K. Nandi, Y.-Z, Zhang, Phys. Rev. D 70, 044040 (2004)
[19] K. A. Bronnikov, G. Clement, C. P. Constantinidis and J. C. Fabris, Grav. Cosm. 4, 128 (1998)
[20] K. K. Nandi, T. B. Nayak, A. Bhadra and P. M. Alsing, Int. J. Mod. Phys. D, 10, 529 (2001).
[21] D. Kramer, H. Stephani, E. Herlt and M. MacCallum, Exact Solutions of Einstein’s Field Equa-
tions, (Cambridge University Press, 1980).
[22] B. Bertotti et al, Nature 425, 374 (2003)
[23] S. Weinberg, Gravitation and Cosmology (Wiley, New York,1972)
[24] A. Bhadra and K. K. Nandi, Phys. Rev. D 64, 087501 (2001); C. Romero and A. Barros, Phys.Lett.
A173, 243 (1993); N. Banerjee and S. Sen, Phys.Rev. D 56,1334 (1997); V. Faraoni,Phys.Rev.D
59, 084021 (1999); A. Bhadra, preprint gr-qc/0204014.
[25] M. Wyman, Phys.Rev. D, 24, 839(1981).
14
[26] R. H. Dicke, Phys.Rev.,125,2163 (1962)
[27] T. Damour and G. Esposito-Farese, Class. Quantum Grav. 9, 2093 (1992); T. Damour and K.
Nordtvedt , Phys. Rev. D 48, 3436 (1993); G. Esposito-Farese, D. Polarski Phys. Rev. D 63
063504 (2001).
[28] M. D. Roberts, Astrophys. & Space Sc.200,331 (1993)
[29] H. A. Buchdahl, Phys.Rev.115,1325 (1959)
[30] F. He and S-W. Kim, Phys.Rev.D, 65, 084022 (2002)
[31] A. Bhadra and K. Sarkar, gr-qc/0503004 (To appear in Mod. Phys. Letts. A)
[32] A. Bhadra, I. Simaciu, Y.-Z. Zhang and K. K. Nandi, gr-qc/0406014
[33] see for example: P. S. Joshi, Global aspects in gravitation and cosmology, ( Clarendon Press,
Oxford, 1993)
[34] S. W. Hawking, Commun. Math. Phys., 25, 167 (1972)
15
